Results monkeys nearly exclusively chose the target associated with the larger of the two rewards ( Figure 2C ).
During subsequent neurophysiological recording exBehavioral Correlates of Changes in Reward
We first determined the behavioral sensitivity of monperiments, monkeys performed single-target trials (Figure 1B) guided by visual targets fixed within the response keys to reward using a choice task in which differential reinforcement was delivered for gaze shifts made to field of each neuron under study. We reasoned that the reward value of a single eye movement should be repreeither of two targets ( Figure 1A) . The reward associated with each target was held constant within a block of sented in the brain in order for animals to choose whether or not to make the required movement on these trials 50 trials and then varied between blocks. Data were collected for 29 target value ratios from two well-trained Reward size also modulated the activity of CGp neurons following reward delivery ( Figures 3C and 3D) . We next asked whether the responses of CGp neurons following movement (excitation or suppression) prepoint during trials. These data demonstrate that CGp sistent with this idea, casual testing with juice rewards delivered unpredictably outside of the experimental context evoked responses from many CGp neurons. To test this idea quantitatively, we studied 36 single CGp neurons (17 from monkey Broom and 19 from monkey Niko) while reward was delivered probabilistically (experiment 2). Monkeys performed single-target trials for a variable reward ratio of 0.8, meaning that, on average, 80% of correct trials were reinforced with both a sound and liquid reward (rewarded trials), and 20% of correct trials were reinforced with a sound but no juice (unrewarded trials). The relatively low frequency of unrewarded trials allowed them to serve as "catch" trials for which a predicted reward was unexpectedly omitted.
The behavior of both monkeys was sensitive to the omission of predicted rewards. Peak saccade velocity as a function of saccade amplitude (the main sequence) was Microelectrode Recording Techniques Electrophysiological recordings were conducted using standard techniques described in detail elsewhere (Platt and Glimcher, 1997).
Surgical and Training Procedures
In an initial sterile surgical procedure performed under isoflurane Single electrodes were lowered under physiological guidance, first passing through tissue containing neurons with activity related to inhalant anesthesia, a head restraint prosthesis and scleral search coil (Fuchs and Robinson, 1966) were implanted using standard somatosensation of the hindlimb or tail. We identified CGp physiologically by a silence in neural activity for 1-2 mm as the electrode techniques described in detail elsewhere (Platt and Glimcher, 1997). Animals received postoperative analgesics for 3 days and antibiotic penetrated the cingulate sulcus prior to reaching CGp. Electrodes were advanced until the waveform of a single neuron was isolated. prophylaxis for 10 days.
After a 6 week recovery period, animals were habituated to head Individual action potentials were identified in hardware by time and amplitude criteria (BAK Electronics) and recorded by computer with restraint and then trained to perform oculomotor tasks for fruit juice rewards using the Gramalkn Experiment Control system (supported a resolution of 25 KHz. Neuronal activity was recorded during 100 to 400 single-target by ryklinsoftware.com). The size of liquid reward was controlled by the open time of a computer-driven solenoid (0-450 ms). A 300 ms mapping trials to assess the visual and saccade-related spatial tuning of each neuron. During these trials, the fixation stimulus was white noise burst preceding juice delivery served as a secondary reinforcer, or conditioned stimulus, on all correct trials. located at the center of the LED panel, while the location of the eccentric target varied randomly from trial to trial within a 36Њ grid A second sterile surgical procedure was performed once animals could reliably execute all the behavioral tasks used in the study. A of LEDs spaced at 4Њ intervals. Mapping trials were used to select a single canonical target location fixed inside the neuron's response stainless steel cylindrical chamber (Crist Instruments) was positioned stereotaxically perpendicular to the horizontal plane over a field for subsequent experiments. Once a single target location was determined, the size of reward was varied in a blocked fashion 15 mm craniotomy centered at the intersection of the midsaggital and interaural planes (Olson et al., 1996) . The chamber was kept (experiment 1) and/or reward was delivered probabilistically (experiment 2). Following some recording sessions, we confirmed the locasterile with regular antibiotic washes and sealed with replaceable sterile caps (Crist Instruments). Postoperatively, animals received tion of the electrode using a hand-held digital ultrasound device (Sonosite 180) placed against the recording chamber (Glimcher et analgesics for 3 days and antibiotics for 10 days. Single-cell recording experiments began after a 1 week postoperative period.
al., 2001).
